Four new species of vcsicular-arbuscular mycorrhizal fungi from Poland, Glomus dominikii Btaszk. , Acaulospora polonica Btaszk., A. gedanensis Bfaszk., and A. thomii Bfaszk. arc described.
Introduction
The Endogonaceae are hardly known in Poland. Only one species, Glomus macrocarpum Tul. & Tul., has been reported there (I:,awrynowicz 1979) . During the last four years I have studied the occurrence of endomycorrhizal fungi. Among the isolated species there nre many which have been described earlier (Btaszkowski 1988) . However, in 1985 and 1986 I collected specimens that differ from any known species. Their descriptions are presented below.
Material and methods
Soil samples collected from the rhizosphere of various plants were investigated. Spores were extracted by a wet-sieving and filtration technique (Koske & Walker 1984) . Spores were then mounted on microscope slides in polyvinyl alcohollactophenol (Walker 1979) , lactophenol, and Melzer's reagent. Wall descriptions and terminology are according to Walker (1983 Walker ( , 1985 . A pot culture (Gilmore 1968 ) was used to indicate the type of mycorrhizac. Roots were stained after Phillips and Hayman (1970) . All collections were made by the author. The holo typc and other specimens arc deposi ted in the Department of Plant Pathology (DPP), Academy of Agriculture, Szczecin, Poland.
Glomus dominikii Blaszkowski n. sp. . Hypha hyalina, Chlamydospores. Borne singly in the soil, white, slightly pink when immersed in water, becoming light yellow to orange-yellow with age, ornamented, globose to subglobose, (75-) 107 (-165) 11m in diam, rarely ovoid, 100 X 150 !liD, with a single subtending hypha.
Spore wall structure. Of three layers (layers 1-3) in two groups (groups A, B). Group A, of a hyaline, unit, (1.7-) 3 (-3.7) 11m thick outer layer (layer 1), ornamented with fine warts, 1.7-5.7 X 0.7-1.9 11m. Group B, of a hyaline, smooth, membranous, (0.2-) 0.7 (-1.2) 11m thick layer (layer 2), tightly adhering to a hyaline, smooth, membranous, (1.2-) 1.8 (-2.5) 11m thick innermost layer (layer 3).
Subtending hypha. Hyaline, straight or slightly recurvate, 180-220 11-m long, (6.4-) 8.7 (-12.5) 11-m wide, with walls (1.2-) 1.5 (-1.9) 11-m thick at the spore base, without a septum; usually slightly constricted at the attachment. The wall 1 turns yellow, wall 2 is not reacting, and wall 3 stains red or orange-red in Melzer's reagent. Differs from G. scintillans Rose & Trappe (Rose & Trappe 1980) Azygospores. Borne singly in the soil, hyaline, whitish, smooth, globose to subglobose, (80-) 94 (-115) 11-m in diam, rarely ovoid, 115 X 80 11-m, sessile on a hypha tapering to a globose to subglobose swollen hypha! terminus, 60-90 11-m in diam; hyphal terminus contents hyaline; terminus wall 0.7-1 11-m thick; distance between the hypha] terminus and the spore 40-70 11-m; hyphae at the point of the spore attachment 8-12.5 11-m in diam; in maturity the terminus empties and collapses.
Spore wall structure. Of four layers (layers 1-4) in three groups (groups A, B, C). Group A, of a hyaline, unit, (1.5-) 1.9 (-2.3) 11-m thick outer layer (layer 1). Group B, of a hyaline, membranous, up to 0.5 11-m thick layer (layer 2). Group C, of two hyaline, membranous, (0.5-) 0.8 (-1) 11-m thick, adhering layers (layers 3, 4).
Spores filled with hyaline droplets, and not reacting in Melzer's reagent. Four species of Acaulospora, A. trappei Ames A. longula has 5-layered spore wall, stains light purple in Melzer's reagent, and foi-ms spores at greater distance (100-2CX) 11-m) from its hyphal terminus.
Mycorrhizal associations. Unknown. Azygospores. Single in the soil, pale yellow to yellow-brown, globose to subglobose, (55-) 65 (-75) 11-m in diam, sessile on a hypha tapering to a globose to subglobose swollen hypha! terminus, 60-70 11-m in diam; hypha! terminus contents hyaline, terminus wall 0.5 11-m thick; distance between the ,. hypha! terminus and the spore 50-60 11m; in maturity the terminus empties and collapses.
Material examined
Spore wall structure. Of five layers (layers 1-5) in two groups (groups A, B). Group A, of a hyaline, sloughing, up to 0.5 11m thick outer layer (layer 1), adhering to a yellow to pale brown, laminate, (2.5-) 3.6 (-4.3) 11m thick layer (layer 2). Group B, of three hyaline, separating membranous layers (layers 3-5), each up to 0.5 11m thick. Morton, A. dilatata Morton, and A . lacunosa Morton (Morton 1986) . A. rugosa forms brighter (subhyaline to straw-coloured) and slightly larger (49-92-118 in 3 groups) and stain in Melzer's reagent. A. lacunosa also produces larger spores (98-131-186 IJ.m in diam) which have a different wall stmcture (5-layered in 3 groups, the outermost layer is pitted) and stain dark purple in Melzer's reagent.
A. gedanensis is very similar to A. rugosa
Mycorrhizal associations. Unknown. Azygospores. Formed singly in the soil or occasionally in regular or irregular-shaped, small, 160-520 x 300-700 j.lm sporocarps, without a peridium, with 2-5 spores. Spores dark brown to black in water, olive-brown to brown in lactophenol, globose to subglobose, (150-) 185 (-240) j.lm in diam, borne laterally on a hypha, 22.5-45 j.lm wide at the attachment, tapering to a globose to subglobose swollen hypha! terminus, 170-210 j.lm in diam; hypha! terminus contents hyaline to light yellow; terminus wall 2.5-4.5 j.lm thick; distance between the hypha! terminus and the spore 70-250 j.lm; in maturity the terminus empties and collapses.
Material examined
Spore wall structure. Of six or seven layers (layers 1-7) in three groups (groups A, B, C). Group A, of a hyaline, unit, (2.5-) 4.4 (-6.5) j.lm ~~ Acaulospora ~~thomii ~ c thick outer layer (layer 1), adhering to a yellowbrown to brown, laminate, (2.5-) 3.3 (-4) j.lm thick layer (layer 2). Group B, of a hyaline, unit, (1.3-) 1.5 (-1.8) j.lm thick layer (layer 3), and one or two hyaline, up to 0.5 j.lm thick membranous layers (layers 4, 5). Group C, of a hyaline, membranous, up to 0.5 j.lm thick layer (layer 6), with 'beaded' appearance, adhering to a hyaline, membranous, (0.5-) 0.9 (-1) j.lm thick innermost layer (layer 7).
A. thomii closely resembles A. sporocarpia Berch (Berch 1985) and A. laevis Gerd. & Trappe (Gerdemann & Trappe 1974) . A. sporocarpia forms larger sporocarps (2.5 x 1.5 x 1.5 em) and the spores have a two-layered wall, the outer of which is thinner (2.5-5 j.lm) than the inner one (7-15 j.lm). A laevis produces spores singly in the soil and has a threelayered spore wall of which the outer sloughs.
In the sporocarps of A. thomii one can sometimes find thin-walled 'vesicle-like' structures (Fig. 8) . They stain rapidly in Melzer's reagent, changing from hyaline to orange-pink. Similar structures occur in sporocarps of A. appendicula Schenck et a!. and A. sporocarpia. As discussed by Schenck et a!. (1984) , these structures seem to be a feature that links species of Acaulospora and Glomus.
Mycorrhi zal associations. Forming vesiculararbuscular mycorrhizal infections with Triticum aestivum and Zea mays in the pot culture.
See the type, and J. maszkowski DPP) .
